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Abstract
Estimation of allelic frequencies at three microsatellite loci among 20 populations of Glossina morsitans
morsitans Westwood, Glossina morsitans submorsitans Newstead, and Glossina morsitans centralis Machado
indicated only two of 99 alleles were shared between three subspecies and 18 between any two subspecies; 81
alleles were unshared. The conserved flanking regions of each locus were completely shared. Genetic
differentiation among subspecies, based on allele size, was RST = 0.87, close to the theoretic maximum value.
All evidence suggests longstanding and complete reproductive isolation in nature among the sibling species.
They should be elevated to specific rank.
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SHORT COMMUNICATION
Shared Microsatellite Loci in Glossina morsitans sensu lato
(Diptera: Glossinidae)
E. S. KRAFSUR AND M. A. ENDSLEY
Department of Entomology, Iowa State University, Ames, Iowa 50011Ð3222
J. Med. Entomol. 43(3): 640Ð642 (2006)
ABSTRACT Estimation of allelic frequencies at three microsatellite loci among 20 populations of
Glossina morsitans morsitans Westwood, Glossina morsitans submorsitans Newstead, and Glossina
morsitans centralis Machado indicated only two of 99 alleles were shared between three subspecies
and 18 between any two subspecies; 81 alleles were unshared. The conserved ßanking regions of each
locus were completely shared. Genetic differentiation among subspecies, based on allele size, was
RST  0.87, close to the theoretic maximum value. All evidence suggests longstanding and complete
reproductive isolation in nature among the sibling species. They should be elevated to speciÞc rank.
KEY WORDS microsatellite loci, tsetse ßies, sibling species, species complex
Glossina morsitans sensu lato (s.l.) is a complex of
three allopatric subspecies: Glossina morsitans morsi-
tansWestwood,Glossinamorsitans centralisMachado,
and Glossina morsitans submorsitans Newstead. Their
approximate geographical distributions have been
mapped (Ford 1971, Robinson et al. 1997, Rogers and
Robinson 2004). Although the subspecies freely in-
termate in cages, hybrid male progeny are sterile and
the females nearly so (Curtis 1972, Gooding 1990,
Gooding and Krafsur 2005). Their morphological dif-
ferentiationwasdeemed insufÞcient to confer speciÞc
status; indeed, Machado (1970) referred to them as
only “major geographic races.”But speciationwithout
morphological differentiation is not uncommon, par-
ticularly among the Diptera. There are numerous ex-
amples of sibling species in well studied families such
as the Culicidae (Coluzzi et al. 2002), Psychodidae
(Lanzaro et al. 1993), and Simuliidae (Vajime and
Gregory 1990).
Materials and Methods
Microsatellite loci, composed of simple sequence
repeats, were isolated from the nuclear genomes of
Glossina morsitans s.l. and Glossina pallidipes Austen
(Baker and Krafsur 2001). These loci were used to
conÞrmordenyhypotheses about geneßowamong20
populations of G. morsitans s.l. that included seven
populations of G. m. submorsitans, seven populations
ofG.m. centralis,andsixpopulationsofG.m.morsitans
(Krafsur et al. 2001, Krafsur 2002, Krafsur and Endsley
2002). Three of 11 loci were found to amplify via the
polymerase chain reaction (PCR) consistently well in
each subspecies. Annealing sites are often found to be
shared among congeners. Here, we examine the re-
sults to see what they show about the genetic rela-
tionships among taxa.
Details of sampling tsetse ßies and ampliÞcation and
demonstration of microsatellite loci were described
previously (Wohlford et al. 1999, Krafsur et al. 2000,
Krafsur and Endsley 2002). Primers and GenBank ac-
cession numbers for loci GpCAG33, Gmm5B, and
Gmm22were cited in Baker and Krafsur (2001). PCR
products were electrophoresed on 5% denaturing
polyacrylamide gels (32 by 50 cm by 0.4mm) by using
a Sequi-Gen GT nucleic acid electrophoresis system
(Bio-Rad, Hercules, CA) run at 100 W and 50C. Gels
were silver stained according to methods outlined in
Black and DuTeau (1996). Alleles were distinguished
by theirmobilities relative toDNA standards. Because
sample numbers were not equal, allelic richness was
estimatedby rarefaction,whichprovides the expected
number of alleles and private alleles unbiased by sam-
ple size and number of genes (Kalinowski 2004). Ge-
netic statistics were computed by using FSTAT 2.9.3
(Goudet 1995), Genepop (Raymond and Rousset
1995), and HP-RARE (Kalinowski 2005).
Results
Shared and Unshared Variation among Subspecies.
Three loci common to each G. morsitans subspecies
permitted a straightforward comparison among taxa.
Six annealing sites were shared, allowing PCR ampli-
Þcation of themicrosatellite repeats. In total, 99 alleles
was detected among the three microsatellite loci (Ta-
ble 1), 81 of which were conÞned to only one or
another subspecies. None of 27GpCAG133 alleles was
shared among subspecies. The three loci occur on the
same chromosome (G. morsitans s.l. have two pairs of
autosomes), butGmm5B segregated independently in
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G. m. submorsitans and G. m. morsitans. Gmm5B ge-
notypes were not independent in G. m. centralis.
Gmm22andCAG133genotypeswerenot independent
in G. m. submorsitans and G. m. morsitans.
The proportions of private (i.e., unshared) alleles
were homogeneous among taxa, but signiÞcant differ-
ences were detected among loci (Table 1). Only two
alleles, at Gmm22, were shared among three subspe-
cies.Thirteenof 89alleles (15%)were sharedbetween
Glossina m. morsitans and G. m. submorsitans. G. m.
centralis shared four of 28 alleles with G. m. submor-
sitans (14%) but only two alleles withG. m. morsitans
(7%). Rarefaction of the genotypic data estimated the
expectednumbersof alleles tobe the sameas recorded
in each taxon.
Genetic Differentiation among Taxa. RST estimates
the variance in allele size (i.e., base pairs) among taxa.
The weighted mean over loci was 0.87, not greatly
different from the maximum possible value of 1.0.
Pairwise estimates of RST are in Table 2 and suggest
that G. m. submorsitans and G. m. morsitans are more
closely related to each other than either is to G. m.
centralis.
Discussion
Some shared alleles probably arose by homoplasy,
similar in state but not by common ancestry. Ho-
moplasy in microsatellites is common because the
number of repeats is limited, and mutation rates tend
to be high (Xu et al. 2000).
The small proportion of variation shared between
subspecies testiÞes to their long reproductive isola-
tion. It is particularly interesting that only two alleles
were shared between Glossina m. centralis and G. m.
morsitans (RST  0.82) because these taxa occupy
contiguous but not overlapping areas in southern Af-
rica. In Zambia, theMuchingamountains separate the
two taxa, which are in proximity in central Zambia
(Robinsonet al. 1997,Rogers andRobinson2004).The
microsatellite data are consistent with the notion that
G. m. submorsitans and G. m. morsitans are more
closely related to each other than either is to G. m.
centralis, but three loci are inadequate to accept such
a conclusion. It may be noted, moreover, that G. m.
centralis showed the least mitochondrial and micro-
satellite diversity (Krafsur et al. 2001). The relative
paucity of variation in G. m. centralis probably is re-
lated to earlier bottlenecks in population size. Bottle-
neckedpopulations rapidly losebygenetic drift alleles
in the lowest frequencies and the return to mutation-
drift equilibrium is slow (Nei 1987). The historical
record suggests the rinderpest epizootic of 1889Ð1896
was severe in southern Africa and was said to have
killed 90% of the mammalian fauna (reviewed by
Ford 1971). Mitochondrial and microsatellite diversi-
ties indicate greater loss inG. m. centralis populations
than inG.m.morsitans (and greater losses in southern
than in northern G. pallidipes populations; Krafsur
2002), but further sampling throughout the entire
range of G. m. centralis is required to conÞrm this
hypothesis.
Abundant evidence exists to elevate G. morsitans
subspecies to speciÞc rank. The evidence is 1) allo-
patry, 2) sterile male hybrids and sterile or semisterile
female hybrids when subspecies are interbred in the
laboratory, 3) gene ßow within but not between sub-
species, and 4) ancient separation of taxa. All data
indicate strong measures of intrinsic and extrinsic re-
productive isolation, the ultimate test of speciation
(Wheeler and Meier 2000).
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